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This study was performed for the Directorate of Facilities En-
gineering, Office of the Chief of Engineers (OCE), as part of RDT&E
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T6, "Energy Systems"; Work Unit 009, "Energy Utilization of Mechanical
Systems." The OCE Technical Monitor is Mr. James Walton.
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ENERGY UTILIZATION INDEX METHOD FOR
PREDICTING BUILDING ENERGY USE
VOLUME I: METHOD DEVELOPMENT

1 INTRODUCTION

Background

Army Facilities Engineers must be able to predict building energy f
use on their installations in order to satisfy command reporting re-
quirements and support future budget estimates. Energy use predictions
have also become increasingly important in considering projects for H
energy conservation programs such as the Energy Conservation Investment «
Program (ECIP). '

The existing method for predicting energy consumption is contained 5
in TB ENG 259, Repairs and Utilities, Utilities Utilization, Targets
and Evaluation (13 Mar 61). This method provides for predicting annual
building heating energy use and installation electrical use but does ’
not directly consider individual building cooling energy requirements,
improvements in modern mechanical equipment, and building designs.

In addition, the present method does not allow for monthly energy con- s
sumption predictions, nor does it place the proper emphasis on individual e
building energy usage, which is required to determine each building's :
potential for contributing to an energy conservation program. The

techniques available for eliminating these deficiencies require ex-

tensive use of complex computer simulation programs. Although several ‘
manual methods have been proposed, none are readily available for use !
by the Facilities Engineer. Thus, a manual procedure is needed that
will allow the Facilities Engineer to predict energy requirements of
modern facilities more accurately and to evaluate the impact of various |
building modifications on energy consumption. it

Objective

The objective of this study was to revise current methods of t
establishing energy consumption targets for buildings, to develop a
method for evaluating individual building energy performance, and to )
develop a supplement to TB ENG 259 that provides Facilities Engineers ¥
with improved methods for calculating heating, cooling, electrical, &
and refrigeration energy consumption. §

Approach i

The following approach was used in the research effort:




—

1. Evaluate the existing Army method for predicting energy usage !
as stated in TBRPENG 259 and analyze its ability to predict building !
heating and cooling energy usage. |

2. Define criteria for a new method of predicting building energy
usage.

3. Determine the types of data readily available to Facilities
Engineers which could be used in a new method for predicting energy
consumption.

e e T —

4. Divide military buildings into characteristic groups and model
one building from each group using a building energy analysis computer
simulation program to determine a base Energy Utilization Index (EUI) ‘
in Btu's per square foot for each characteristic building. g

5. Parametrically analyze the effects of building design varia- E
tions on energy consumption for each of the five characteristic build- i
ings using a building energy analysis simulation program. 3

6. Based on the parametric studies, develop algorithms to modify
the EUI for one of the characteristic buildings to an EUI for a given ?
building based on the differences in design between the given build- }
ing and the characteristic building.

7. Based on these algorithms, develop the EUI method for predicting
energy consumption in military buildings and provide a supplement to TB
ENG 259 describing the use of the method.

Scope

This report is in two volumes. Volume I covers the work accomplished
to develop the new method for predicting building energy use and includes
as an appendix a report prepared by Hittman Associates, Inc., that ana-
lyzes TB ENG 259 and details the procedures used to develop the EUI method.

Volume II, a proposed supplement to TB ENG 259, provides instruc-
tions for computing monthly heating and cooling fuel consumptions as
well as forecasting consumption for lighting, electrical appliances,
cooking, hot water, laundry, and cold storage based on the EUI method.

Mode of Technology Transfer

Volume II of this report is a suggested supplement to Army Technical
Bulletin TB ENG 259. Information contained in Volume II will also affect
the process for targeting installation energy use as it is now outlined
in Army Regulation 420-44.




2 DISCUSSION

TB ENG 259 was evaluated for its capability to estimate building
heating and cooling energy requirements. It provides a satisfactory
method for estimating annual fuel requirements for installations that do
not vary their real property significantly from year to year or upgrade
comfort conditions such as adding cooling to existing buildings. The
major drawback is that the method does not place proper emphasis on
individual buildings; thus, it does not propggly account for such changes
as adding cooling, replacing old barracks with new barracks, replacing
wood structures with concrete structures, changing the use and occupancy
patterns of a building, and changing mechanical systems and energy
conservation measures. The method assumes that similar buildings can be
grouped and analyzed together, which is acceptable except that no
allowance is made for adjustments to buildings within a group, such as
adding insulation, reducing window areas, or changing occupancy patterns.

To alleviate these deficiencies, specific criteria were identified
for consideration in the development of a new method:

1. The method must provide for predicting individual building
heating and cooling energy use on a mont@y basis.

2. It must identify for each building the major energy consumption
categories such as heating, cooling, lighting, hot water, cooking,
laundry, electrical appliances, and cold storage.

3. It must use data readily available to the Facilities Engineer.

4. It must be reasonably accurate without requiring computer
assistance.

5. It must identify areas in which energy conservation measures
can be applied and assist in determining the most economical way to
modify a building to reduce its energy use.

6. Corrections for actual weather conditions must be made from
easily obtainable weather parameters.

To beain development of the new method, the types of data avail-
able to a Facilities Engineer were analyzed by reviewing Army posts'
real property records, examining as-built engineering drawings, and
interviewing key post personnel. One potential problem which surfaced
during this analysis was the type and amount of building information
required for making reasonable energy ectimates. While much of the
information is readily available to the Facilities Engineer, some data
critical to energy estimates must be obtained through a search of
engineering drawings or, in some cases, building surveys. Data that are
not readily available include: wall, floor, and roof U values; building
envelope area (surface area of building exposed to the weather); equipment




capacity; and window area. These data are so critical in energy
calculations that it was considered necessary for the Facilities En-
gineer to obtain them in order to realize reasonable accuracy with a new
method.

Five characteristic building groups were selected which typify a
large percentage of an Army post's buildings and a major portion of its
energy use: single-family houses, townhouses (multifamily houses),
barracks, administrative/office buildings, and commissaries. Commis-
saries were selected because of their unique cold storage requirements
and customer-oriented occupancy pattern.

A characteristic building in each of these basic building types was
selected for computer modeling and load determination. The character-
istic buildings were selected by visits to various Army posts, review of
real property records, and visual observation to insure that they were
not unique or extraordinary to Army construction. The buildings were
then analyzed and their physical parameters reduced to computer input
form for calculation of the heating and cooling loads using a building
load analysis computer simulation program. These loads became the
base-energy load or Energy Utilization Index (EUI) for each characteristic
building.

Next came selection of several building parameters that were
expected to cause the most significant variation in energy use within
the building: wall, floor and roof U values, window area, building
envelope area, floor area, inside set-point temperature, infiltration/
ventilation rate, type of heating/cooling and distribution system, and
occupancy. Using hourly weather data for three different climatic
regions, parametric analyses were performed by varying the selected
parameters over logical limits and using the building load analysis
computer simulation program to calculate variations in the heating or
cooling load. The results of this parametric study led to development
of a set of equations and curves which could be used to determine the
monthly energy use for heating and cooling of different building types
based on differences between the characteristics of the computer-coded
buildings and the actual building being considered. In addition, energy
use equations for lighting, electrical appliances, cooking, domestic hot
water, laundry, cold storage, and distribution losses were developed from
physical surveys of the characteristic buildings and consolidation of
data from previous energy use studies (discussed in the appendix).

The EUI method was developed for the five basic building types
based on the studies. The EUI method isolates various load-contributing
components within a building, enabling determination of the various
loads on a building--for example, loads due to heat conduction through
the walls and roof, infiltration/ventilation, solar radiation, and
internal heat generation of equipment and occupants. These features
make the method extremely versatile in determining the effecis of
energy conservation alternatives in different buildings.
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The method uses readily available weather parameters: heating
degree days and cooling degree days. Although the validity of these
parameters has been questioned in the past, this study has shown that
very qood correlations can be obtained (see curves in the appendix),
with the exception of transitional months having very few degree days.
Since these months represent such a small fraction of the total load,
however, the effect is negligible. The use of actual heating degree
days and cooling degree days also allows for rapid adjustments to the
prediction. Predictions can also be made for anticipated severe or
mild weather conditions by using the appropriate number of degree days.

To verify the developed algorithms, an office building havina avail-
able energy use data was analyzeu. The EUI method was used to estimate
the heating, cooling, and electrical energy consumption for a full year.
Comparison of the actual versus predicted values indicated an accuracy
of about 4 percent. A single-family residence analyzed using the EUI
method yielded similar results. It therefore appears that the algorithms

developed for the EUI method have reasonable validity for predicting
energy use in buildings.

The EUI method was specifically designed to predict buildings'
energy use on a monthly basis. However, summation of energy consumption
for a building can be performed for any time period desired--monthly,
annually, etc.--and the individual contributing loads can be converted
to represent the fuel type for each load (e.g., gas, electricity, oil,
coal). These fuel usages can then be summed for every building on
an installation to obtain a prediction of total installation fuel use.

A detailed discussion of the development of the EUI method is con-
tained in the appendix, and Volume II contains the proposed supplement
to Chapters 2 and 3 of TB ENG 259 based on the EUI method.




3 CONCLUSIONS

1. The Energy Utilization Index (EUI) prediction method has several
advantages over the present method described in TB ENG 259: (a) it pro-
vides the capability to predict building energy use based on the physical
characteristics of the building; (b) it can differentiate between heating
and cooling energy usage; (c) it provides for predicting energy usage on
a monthly basis and permits adjustment of the prediction based on actual
weather data; (d) it provides a capability to identify areas having energy
conservation potential, such as inadequate insulation, excessive infiltra-
tion, or excessive distribution losses.

2. The input information required for computing a building's EUI
is available to the Facilities Engineer in various forms. Although
obtaining this information may require a review of engineering drawings
and, in some cases, building surveys, the input information is vital to
reasonable energy predictions.

3. The disaggregation of the load-contributing factors makes the
EUI method a valuable tool that assists in decisions on application of
energy conservation measures by enabling comparison of the loads from
different buildings.

4. The EUI method has been initially tested and appears reasonably
accurate. While validation on a wide range of buildings is necessary to
verify the accuracy of the method, the method could be used in the interim
by Facilitieg Engineers as a tool for determining energy conservation
measures to apply to existing buildings.

5. The EUI method can provide District Engineers with a tool to
initially predict the energy consumption of proposed new buildings con-
sidered under major construction programs.
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I. INTRODUCTION

The Technical Bulletin TB ENG 259 has been used by the
United States Army in estimating the energy utilization in
Army facilities. This study, conducted by Hittman Associates,
. Inc., under contract to the United States Army Construction
Engineering Research Laboratory, presents a new methodology
for computing the monthly energy use with reasonable accuracy
which could be used as a replacement for Chapters II and III
of the TB ENG 259. The procedures employed in the development
of this methodology are presented in this document.

A. Background and Scope of Study

The TB ENG 259 manual provides a satisfactory method for
predicting gross estimates of fuel requirements on an annual
basis, but does not provide the proper emphasis on energy

- utilization nor does it identify effects of excessive energy
use in individual buildings. Presently available methods
that can provide such information require computer support in
order to obtain a reasonable level of accuracy. Due to these
limitations, it was determined that a new procedure was
needed that was capable of the following:

[ Forecasting heating and cooling energy use
in buildings

[ Identifying energy use for lighting, hot
water, equipment, etc., to compute building
total energy use

] Identifying areas in which energy conservation
measures can be evaluated

(] Assisting in decision making for any improve-
ments to be done for buildings in order to
decrease energy use

0 Utilizing readily available data

[ Obtaining reasonable accuracy without computer
assistance

The objective of this study was to develop a set of
algorithms that could be applied to each of the five building
types studied. The development of the algorithms included
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a series of computer analyses on heating and cooling energy
use in several buildings as well as performing sensitivity

analysis of building elements, internal loads, and ambient

weather conditions.

The algorithms developed here were also presented in a
manual format to be used by the Army and any interested
party.

B. Utility of the Study and Its Limitations

The utility of this study is multidimensional. In addi-
tion to being used by Army facility engineers, it may be used by
analysts, researchers, builders, and mainterance personnel in
each of the following:

ey oy

® Predicting energy use
} (] Evaluating energy conservation measures
i ° Identifying the need for maintenance of

structures and HVAC systems,

\

}

l Given the broad scope of this study, it was obvious that

} a number of limits had to be placed on the work to enable the
addressing of all areas required. These limits must be
recognized by the users of this procedure. The general
limitations of this study were as follows:

® The algorithms were developed for five specific
building types. Application to other building
types may result in a reduced level of accuracy.

e The algorithms were developed based on the climatic
range from Chicago to Atlanta. While the algorithms
may be applied beyond this range, the accuracy of
the results will be somewhat reduced.

Other Timitations which may be associated with some
particular aspect of the study are presented and discussed in
the appropriate sections of the text.

20
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- methodology and the capabilities and the shortcomings of these

I1. ANALYSIS OF TB ENG 259 i

The current procedures for computing fuel consumption and
cost targets for military installations are defined in the
Department of the Army Technical Bulletin TB ENG 259, dated
13 March 1961. The portions of this document applicable to
space heating and cooling (Section II, Heating, and Section
111, Electrical) have been reviewed for their applicability
to predict heating and cooling energy use and to evaluate the }
impact of energy conservation measures. Also, this document I
and the procedures it defines were analyzed for their ability ;
to identify energy conservation potential. Discussions of the
document's procedures and their capabilities and shortcomings
follow in two sections.

A. Heating Energy

Section II, Heating, provides a procedure for computing
a cost target for-all heating services. This procedure has
three steps: (1) calculation of the heating load, (2) calcu-
lation of the system efficiency and amount of fuel used, and
(3) the calculation of the cost of fuel and fuel services. The

procedures are discussed below.

The calculation of building heating loads is based on
the volume of a building and the heating demand units (HDUs)
defined for the category of building type into which this
building falls. Buildings are categorized by utilization
activity, by the number of floors in the structure (1, 2, 3,
or more), and by type; i.e., permanent, temporary, or a tent
or hutment. Each category of building has a level of heating
demand defined for it by Army publication AR 420-70 in terms
of cubic feet of building volume per HDU. Table 1 shows the
categories of buildings and the associated heating demand
values. The heating load calculation for a building is com-
pleted by dividing the heating volume of the building (or
portion of a building fitting into one category) by the appro-
priate building category cubic feet per HDU value in Table 1.

The calculations of fuel consumption for space heating
purposes can be completed for an entire facility, group of
buildings, or individual building by use of the total HDU
requirements of all buildings assigned to the same degree
day base, the number of degree days for the location of the
building, and the appropriate fuel factor for the facility's

21




TABLE 1. HEAT DEMAND UNIT (HDU) REQUIREMENTS

BY CATEGORY OF BUILDING (Ref. 1)

Category

Category temp. °F. base HOU

B-1 61-72 65 40 See Note 1.
B-2 61-72 65 30 See Note 2.
B-3 73 and higher 65 25 See Note 3.
B-4 55-60 50 85 See Note 4.
B-5 40 50 135 See Note 5.

Category temp. °F. base HDU

c-
c-

Note 1.

- therapy, X-ray, special wards, clinics, physical examination,

Permanent Buildings

Cu. ft. per HDU for entire
Allowable Degree day building Example
inside temp base
]
F.

1-story 2-story 3-story
Building Bujlding Building

61-72 65 60 65 70 See Note 1.
61-72 65 45 50 55 See Note 2.
73 and higher 65 45 50 55 See Note 3.
55 to 60 50 125 135 140 See Note 4.
40 50 200 210 220 See Note 5.

~ Semipermanent and Temporary Buildings (See Note 6)

Allow. inside Degree day Cu. ft. per Example

Hutments and Tents (See Note 7)
Allow. inside Degree day Cu. ft. per Example

1 61-72 65 40 Hutments
2 61-72 65 16 Tents

Includes those portions of barracks, administration buildings,
classrooms, recreation buildings, mess halls, and like buildings
which are normally heated 10 to 12 hours daily (such as living
quarters, offices, hanger lean-to's, lavatories, showers, wards,
hospital corridors where personnel work seated or in a standing
position involving little or no exercise.

Includes those portions of dwellings, converted quarters, and
hospital wards which are normally heated 12 to 24 hours daily
(such as those specified in note 1). .

Includes operating rooms, delivery, and recovery rooms; hydro-

and similar rooms; maternity sections; and special process
rooms, such as paint shops, and drying rooms.

Space in shops and warehouses (issue and similar rooms; shops,
hangers, and other buildings or sections of buildings where many
employees work).

Spaces in shops and warehouses where heat is required to protect
material and stored equipment from freezing or to control con-
densation.

Included are prefabricated buildings, trailers, quonset huts, and
Jjamesways.

Multiply square feet areas of hutments and tents by 7 to obtain
cubic feet of heated space.
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heating plants and systems. Buildings which are heated to

56°F or above have heating system energy requirements calcu-
lated using heating degree days of a 65°F base. Those heated
to 55°F or below, some warehouses, shops, etc., utilize heating
degree days at a 50°F base in heating energy calculations. The
appropriate heating degree day base by category of building is
also shown in Table 1. The fuel factor is based on the weighted
average efficiency of heating plants and boiler plants on the
Army facility (or serving a group of buildings being evaluated)
determined from the previous year's fuel consumption data, and
the heating design zone in which the installation is located.
The factor represents the fractional pound of standard fuel

(25 x 106 Btu per ton) required to provide space heating for
one HDU for one degree day.

The fuel requirement is calculated by:

(No. of HDU) x (Fuel Factor) x (Heating Degree Days)
2000

= Standard tons of fuel

Two calculations can be done, one for each degree day base.
Target costs for fuels are then determined based on the aver-
age cost of fuel for the previous year adjusted for anticipated
increases and decreases.

This procedure is an effective one when applied to entire
facilities for estimating average fuel consumption. However,
being a tool developed well before the energy crisis, it does
not serve the purpose of evaluating energy conservation methods
and impacts. The primary purpose of this tool has been to pre-
dict the energy use of a building or group of buildings, assum-
ing that they will use what buildings of a similar nature have
historically. However, in these days of high fuel prices and
fuel shortages it has become increasingly important not only to
evaluate energy use in terms of an average building, but also
to determine the capabilities of each building to contribute to
an energy conservation program. From this viewpoint, no
longer is the primary concern only to calculate how much
heating energy is going to be needed by a building next year
but also it must be determined how much energy a building
such as this needs in its current condition and what might
be done to reduce this requirement of fuel. To address the
latter questions, many physical and energy parameters must
be considered in the fuel/energy use calculation which have
not been included in the existing manual. The current methodology
does not clearly consider or account for variations of the
following important factors in the heating energy calculation:




() Construction parameters, such as wall, roof, and
floor heat transfer coefficients; i.e., levels of
insulation are not considered.

@ Window area, or the thermal gains and losses
associated with solar radiation, heat conduction
through the glass, or air infiltration through and
around windows.

® Indoor set-point temperature, except in the
categorization of buildings by set point greater,
or less, than 55°F,

. People, lighting, and other internal loads and
their impact on heating energy use.

® Different types of heating and distribution
systems with improved efficiencies.

The methodology presented in this report can be used to both

identify heating fuel requirements and identify particular
areas of energy conservation potential.

B. Air Conditioning Energy

Section III, Electrical, is a tool for predicting total
electrical consumption. Targets are calculated using the actual
electrical consumption per capita per month for the corresponding
period of the previous year and an assumed 100 percent occupancy
for the targeted period. Corrected targets are determined using
actual occupancy level. Allowances are made for new electricity
loads added since the end of the last target period plus any
anticipated load additions during the target period. However,
it does not provide a methodology to be used in predicting cool-
ing energy consumption.




ITI. IDENTIFICATION OF ARMY CHARACTERISTIC BUILDINGS

A. Introduction

Characteristic buildings of the five types with which
this program was concerned (single-family houses, town
houses, barracks, administration/office buildings, and
commissaries) were defined primarily on the basis of build-
ings which could be visited at Fort Belvoir in Virginia and
Fort George G. Meade in Maryland. In addition, the Office
of the Chief of Engineers (OCE) was consulted to insure that
the characteristic buildings selected would be representative
of nationwide Army facilities. No attempt was made to
select buildings which are "the typical structure" of that
building type. Rather, a characteristic building was selected
with some assurance that it was not unique or extraordinary.
It was not important to select a building which was most
typical, but rather, what was needed was a building with
parameter values within the range of common occurrence.

The design and structural features considered important
in defining these residences included:

(1) Structural parameters such as construction details,
dimensions, and materials used;

(2) Energy consumption parameters such as heating and
cooling equipment, types of fuels used, appliances,
and their energy consumption levels.

Whereas specific life-styles were not prescribed for
the occupants of the characteristic buildings, a certain
number of life-style parameters were imposed, by necessity,
for the analyses. Examples of life-style parameters that
were identified include thermostat set point, relative
humidity set point, type and number of appliances, daily
profile of appliance usage, and usage of ventilation fans.
Most of these parameters were defined for average conditions;
no attempt was made to modify the parameters to allow for
variations caused by weekends or holidays, vacations, enter-
taining of large groups, difference in age or affluence of
the occupants, etc. Occupancy, lighting, and appliance
loads were, however, adjusted for weekends. It should also
be recognized that the life-style of any given occupant (in
a real case) could vary greatly from the average conditions
defined for these analyses, and that variations in occupant
lTife-style can affect the building's energy consumption.
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With respect to ventilation air, the single-family and
town house structures were defined as having no mechanical
ventilation equipment. The administration/office building
and commissary have ventilation air supplied throughout,
while the barrack has air supplied to the hallways and mess
areas. The normal rate of air infiltration through the
residential structures, augmented by kitchen and bathroom
fans, was more than sufficient to meet the physiological and
esthetic requirements of both the town house and single-
family units. The windows of the respective characteristic
buildings were defined as remaining closed during periods of
heating and cooling. However, allowances were made for
daily opening of entrance doors in accordance with the
population of each type of building.

Based on the brief survey of buildings at Fort Belvoir
and Fort Meade, and data obtained from personnel on these
bases, as well as data collected from OCE, CERL, and outside
sources, a characteristic building for each of the five
building types was defined. This chapter describes these
characteristic buildings along with their relevant structural
and energy-use parameters.

B. Single-Family Residence

Although the single-family residence is still the most
prevalent form of housing in the U.S., it is not the most
predominant structure in the military. Discussions with OCE
indicated a very strong trend in Army family housing away
from single-family units (Ref. 2). Although in 1970, some
69.4 percent of all year-round civilian dwelling units
nationwide were single-family buildings (Ref. 3?, a survey
of family housing units at Fort Belvoir showed that only
eight percent of all permanent family housing units are
single-family structures (Ref. 4). In this context, the term
"single-family residence" refers to the completely detached
single-family house.

The family housing programs in the military of the past
two or three decades have not concentrated on single-family
dwellings. The "Capehart" program of the late 1950's and
early 1960's, the most extensive family housing program in
the military since the Second World War, was concentrated in
multifamily housing, particularly town houses, duplexes, and
lTow-rise apartments. Subsequent programs have increased the
emphasis on town houses. Therefore, it is not too surprising
that the last single-family residences built at Fort Belvoir
were constructed in 1950. In fact, 123 of the 127 single-
family units at Fort Belvoir were built between 1930 and




1935 (Ref. 4). For the purposes of this study, these single-
family units are divided into two major categories, officer
and NCO housing. It was assumed that throughout the Army,
NCO single-family residences outnumber officer single-family
residences. Therefore, the structure selected as the charac-
teristic single-family house was an NCO family unit. This
structure was selected as a characteristic single-family
residence after visits to both Fort Belvoir and Fort George
G. Meade, which included examination of Real Property records
and building drawings, talks with Real Property department
personnel, and a review of a computer listing of Fort Belvoir
building inventory, "Installation Inventory of Military Real
Property" as of September 30, 1974 (Ref. 4).

The characteristic single-family house which was selected
is identical to 41 units at Fort Belvoir and, with minor
modifications, this design appears there another 24 times.
Sixty-one of these units are NCO family housing, the other
four are officers' housing. In addition, about 40 to 50
nearly identical units were observed in a visit to Fort
George G. Meade in Maryland, indicating that the design is
not unique to one Army base. The internal floor plan is not
in itself critical to the energy analysis, since the single-
family house has been treated as a unit shell in heat trans-
fer calculations. However, it must be noted here that this
design is one which includes .a "heated attic," that is, a
large portion of the attic is actually conditioned living
area. It is a story-and-a-half design with a second floor
totalling 660 square feet of Tiving area (two bedrooms, a
bath, and storage space) over a first floor of 1,140 square
feet (two bedrooms, bath, 1iving room, kitchen, and dining
area). Although this type of design seems somewhat unusual,
it does represent virtually all NCO family housing, and at
least 50 percent of all single-family residences at Fort
Belvoir. Tables 2 and 3 show the physical and energy con-
sumption parameters used for the characteristic house. These
parameters are based on the actual buildings surveyed at Fort
Belvoir, with the exception of appliance use data which was
based on statistical analysis of the Baltimore/Washington
area by Hittman Associates, Inc. (Ref. 5), and assumes
appliance use to be invariant with respect to geographic
location.

One point noted during the examination of Real Property
records and construction drawings for the characteristic
building was that the floor area designated on the Real
Property records was not indicative of actual conditioned
Tiving space of the building. The Real Property records
indicated a floor area of 2,237 square feet as compared to a
living area calculated from drawings of approximately 1,800
square feet. Therefore, caution is recommended when using
Real Property record floor areas, since similar inaccuracies
could have a significant impact on energy use calculations
determined on a peér square foot basis.
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TABLE 2. STRUCTURAL PARAMETERS FOR THE
CHARACTERISTIC SINGLE-FAMILY
RESIDENCE

Basic Design:
Foundation:

Floor Area:

Construction Type:

Exterior Wall Composition:

Exterior Wall Area:

Roof Type:

Roof/Ceiling Composition:

Windows:
Type/Material:
Glazing:

Storm Sash:
Area:

Exterior Door(s):
Type/Material:
Number:

Storm Door(s):
Total Area:

Patio Door:

Dwelling Facing:

People:

Weather:

Four Bedroom, Story-and-a-Half

Partial Basement and Crawlspace

1,800 sq. ft.
First Floor - 1,140 sq. ft.
Second Floor - 660 sq. ft.

Masonry and Frame

Wall #1
Brick - 4"
Air Space
Brick - 4"
Air Space
Insulation Board - 1/2"
Plaster - 1/2"

Wall #2
Wood Shakes
Insulation Board - 1/2"
Air Space
Insulaton Board - 1/2"
Plaster - 1/2"

Wall #1 - 1,100 sq. ft.
Wall #2 - 640 sq. ft.

Roof #1 - Gable with four (4) window

dormers
Roof #2 - Flat

Roof #1
Slate
Plywood Sheathing - 1/2"
Air Space
Fiberglass batts - 3 1/2"
Insulation board - 1/2"
Plaster

Roof #2
Metal Roofing
Plywood Sheithing - 1/2"
Air Space
Insulation Board - 1/2"
Plaster - 1/2"

Double Hung/Wood Sash
Single

No

326 sq. ft.

Wooden

Two

No

51 sq. ft.

None

North

Two adults, two children

St. Loufs, 1956
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TABLE 3. ENERGY CONSUMPTION PARAMETERS* FOR THE
CHARACTERISTIC SINGLE-FAMILY RESIDENCE

eating System 0il, 2-Pipe Hot Water
ooling System Electric, Window Units
ot Water Heater Propane
ooking Range Electric
lothes Dryer Electric
efrigerator/Freezer Electric
ights Electric-Incandescent
olor TV Electric
ishwasher Electric
lothes Washer Electric
ron Electric
offee Maker Electric
iscellaneous Electric

*

1,200
990
1,830
2,140
500
363
103
144
106

900

Kw-hr/year
Kw-hr/year
Kw-hr/year
Kw-hr/year
Kw-hr/year
Kw-hr/year
Kw-hr/year
Kw-hr/year
Kw-hr/year

Kw-hr/year

Figures Shown Represent Energy Input to Structure For Each

Appliance (Based on Data in Ref. 6).
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C. Town House Residences

The town house residence has become the predominant
form of family housing structure in the Army. The "Capehart"
program of the late 1950's and early 1960's shifted the
emphasis in family housing construction from single-family
units to duplexes and row structures of four to twelve town
house units (Ref. 2). The recent trend in town house construc-
tion is towards structures of four to six units each.

At Fort Belvoir, duplexes and town houses totaling 1485
units provide ninety-two percent of the housing for families
of officers and NCO's (Ref. 4). Forty-eight percent of
these residences are duplexes, twenty-eight percent are town
houses with twelve units per structure, and sixteen percent
are town houses of four to six units each. The remaining
units are town houses in structures of eight, nine, or ten
units each.

The Fort Belvoir units were built in three distinct
construction periods. More than ninety percent (1364 units)
were built between 1956 and 1960 under the Capehart program
(Ref. 4). The remainder of the units at Fort Belvoir were
built in 1939 (37 units) or during the period 1947 to 1950
(84 units). The three periods show a distinct trend of
reducing size in family housing. This trend is demonstrated
in the following table by Fort Belvoir average housing unit
square footage (Ref. 4):

1939 2312 sq ft
1947-50 1909 sq ft
1956-60 1221 sq ft

The characteristic town house selected for this study
is a hypothetical four-unit structure based on a "Capehart”
duplex at Fort Belvoir. Each unit has three bedrooms for a
total floor area of 1467 square feet on two floors.

Tables 4 and 5 show the physical and energy consumption
parameters for the characteristic town house structure.
These parameters are based on the actual buildings observed
at Fort Belvoir, with the exception that appliance use data
was based on HAI's statistical analysis of the Baltimore/
Washington area civilian housing (Ref. 5), assuming appliance
use to be invariant with respect to geographic location.

Special notice must be made that while the actual
building used as a model for this structure was not air
conditioned, the characteristic unit has been air conditioned
to permit evaluation of cooling energy requirements. The
Army has not in the past had a general policy of air conditioning

salci ae ot o . 2 g ~ "
mmﬂﬁﬂdilﬂ*“‘ i o o i R Kabuibnc e B

i




e

R A .

TABLE 4. STRUCTURAL PARAMETERS FOR THE CHARACTERISTIC

TOWN HOUSE RESIDENCE

Arrangement:

Basic Design:

Foundation:

Floor Area (per unit):

Construction Type:

Exterior Wall
Composition:

Exterior Wall Area:
Interior Unit:
End Unit:

Roof Type:

Roof/Ceiling
Composition:

Windows:
Type/Material:
Glazing:

Storm sash:
Area:

Interior Unit:

End Units:

Exterior Door(s):
Type/Material:
Number:

Storm Door(s):
Total Area:

Patio Door:

Dwelling Facing:

People:

Weather:

Rectangular building, 4 town house i
units in a row

Three bedrooms, two stories
Slab-on-Grade

1,467 sq ft (each floor 733.5 sq ft)

Wood frame with brick veneer

Brick

Air space

Felt

Plywood sheathing-5/16 inch
Air space

Wallboard-1/2 inch

761 sq ft
1,186 sq ft

Gable

Asphalt shingles

Felt

Plywood-5/8 inch

Air space

Fiberglass loose fill insulation-

4 inches
Double hung/wood sash

Single
No

129 sq ft
150 sq ft

Wood

Two per unit

No

41 sq ft/unit

No

North

Two adults, two children

St. Louis, 1956




TABLE 5. ENERGY CONSUMPTION PARAMETERS* FOR
THE CHARACTERISTIC TOWN HOUSE
RESIDENCE
Heating System Gas,Forced Air
Cooling System Central, Electric, Forced Air
Hot Water Heater Gas 270 Therms/year
Cooking Range Gas 105 Therms/year
Clothes Dryer Electric 990 Kw-hr/year
Refrigerator/Freezer Electric 1,830 Kw-hr/year
Lights Electric- 1,740 Kw-hr/year
Incandescent
Color TV Electric 500 Kw~-hr/year
Furnace Fan Electric 394 Kw-hr/year
Clothes Washer Electric 103 Kw~hr/year
Iron Electric 144 Kw-hr/year
Coffee Maker Electric 106 Kw-hr/year
Miscellaneous Electric 900 Kw-hr/year

*Figures shown represent energy input to structure for
each appliance (based on data in Ref. 6),.
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family housing. However, within the last five years it has
begun a program of installing central cooling systems on a
limited basis in some locations (Ref. 2)

D. Barracks

At Fort Belvoir there are 175 barracks, of which 156
are "temporary" wooden frame structures built between 1940
and 1943 (Ref. 4). Five of the sixteen permanent barracks
have been built since 1956, and three were built between 1928
and 1934 (Ref. 4). However, none of these barracks is of
the type most characteristic of permanent Army barracks as
defined by the Office of the Chief of Engineers (Ref. 2).

The most prominent permanent barracks are those built
between 1952 and 1960 (Ref. 2). Originally designed for a
260-man capacity, many of these barracks have been renovated
and now have a reduced capacity of 150 to 160. One such
renovated barrack at Fort Meade was used as the characteristic
barrack structure. It is a concrete block structure, similar
to most built between 1952 and 1960 (Ref. 2) and includes a
mess hall/kitchen in a one-floor structure attached at one
end of the three-story main building. Other types of barracks
built through 1971 are somewhat similar in construction to
the modeled building, although many do not include mess halls.
Newer style barracks built since 1971 have a brick veneer on
the exterior of the concrete block walls however, other
features of the barracks are very similar to older ones.
Heating and domestic hot water in the modeled building are
supplied from a central steam plant, although it is common
to have such facilities located in a partial basement in
similar units. New barracks, as well as some renovated
barracks, have had central air-conditioning systems installed
in recent years (Ref. 2).

Only permanent structures were included as candidates
for characteristic buildings. This does not mean that the
algorithm developed in this report may not be applied to
"temporary" buildings as well. Rather, it is believed that
the algorithm should be most applicable to (and most accurate
for) Army buildings which will remain in existence in the
foreseeable future; therefore, only permanent buildings were
used for algorithm development.

Tables 6 and 7 show the physical and energy consumption
parameters for the characteristic barrack selected for this
study. These parameters are based on the actual buildings
seen at Fort Meade. Equipment energy use data is based on
observed levels of appliances in living areas of several
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TABLE 6. STRUCTURAL PARAMETERS FOR THE CHARACTERISTIC
ENLISTED MEN'S BARRACKS

Basic Design:

Foundation:

Floor Area:
Construction Type:

Exterior Wall
Composition:

Exterior Wall Area:

Roof Type:

Roof/Ceiling
Composition:

Roof Area:

Windows:
Type/Material:
Glazing:

Storm Sash:
Area:

Exterior Door(s):
Type/Material:
Number:

Storm Door(s):
Total Area:

Dwelling Facing:
People:
Weather:

Three story rectangular barracks
with one story kitchen and mess-
hall attached at one end

Partial basement (unconditioned)
and crawtspace

36,000 sq ft
Masonry

Wall No. 1
Concrete block-8 inches
Air space
Gypsum board-1/2 inch
Wall No. 2
Concrete block-8 inches

Wall No. 1 - 12,838 sq ft

Wall No. 2 - 3,006 sq ft
Built-up
Roof No. 1

Built-up roofing
Loose fill insulation-6 inches
Concrete slab-2 inches
Roof No. 2
Built-up roofing
Loose fill insulation-6 inches
Concrete slab-2 inches
Air space
Acoustical tile-1/2 inch

Roof No. 1 - 13,794 sq ft
Roof No. 2 - 1,590 sq ft

Casement/steel sash
Single

No

4,928 sq ft

Steel doors
7 %
No

300 sq ft

North
160
St. Louis, 1956
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TABLE 7. ENERGY CONSUMPTION PARAMETERS FOR THE
CHARACTERISTIC BARRACKS

Heating System Low pressure steam from central
steam plant
On-site steam to hot water converter
Air handler and fan coil distribution

Cooling System On-site electric reciprocating
chiller
Fan coil distribution

Hot Water Heat On-site steam to hot water converter

Living and Dayroom Areas

Lights Incandescent 67,000 Kw-hr/year
Miscellaneous

Appliances

(radios, TVs,

phonographs,

etc.) Electric 12,679 Kw-hr/year
Mess Hall and Kitchen Areas
Lighting 19,000 Kw-hr/year
Kitchen Appliances 2,800 therms/year
Laundry
Lighting ; 1,900 Kw-hr/year
Washers Electric 41,400 Kw-hr/year
Dryers Gas
Office
Lighting 3,500 Kw-hr/year
Miscellaneous Appliances 1,900 Kw-hr/year




barracks at Fort Belvoir and Fort Meade, and on mess hall and
laundry equipment information supplied by the Environment and
Energy Control Office at Fort Meade (Ref. 7).

E. Administrative/Office Buildings

The Army has not had a major construction program for
office type buildings since World War II. The result is that
administrative and office functions are housed in a wide
variety of structures. Expanding administrative staffs have
been forced to utilize any available space, including former
barracks and warehouses. Nearly every type of Army structure
has been converted into an office building on one base or
another. Frequently, these converted buildings are temporary
structures, having been abandoned by their original users for
a new permanent structure. Therefore, a majority of the
permanent administrative/office buildings are of the pre-1940
variety.

In keeping with the assertion that characteristic
buildings should be based upon permanent structures, the
characteristic administrative/office building selected for
this study is a three-story, brick and concrete office
building built in 1934. It is rectangular with the first
floor approximately 4.5 feet below grade level. This building
has a total floor area of 12,600 square feet, and is occupied
by approximately 65 personnel of the civil engineering staff
of Fort Belvoir. Internally, about one-half of the building
is in an open bay type arrangement, while the other half is
segregated into offices by temporary-type partitions. Tables
8 and 9 show additional physical and energy-use parameters of
the characteristic administrative/office building. This data
is based on the structure observed at Fort Belvoir.

F. Commissary

The characteristic commissary selected for this study is
the one at Fort Belvoir. It is a modern one-story, brick and
concrete block structure that resembles a typical "civilian"
supermarket. The Tayout of the building, with a huge store
area (15,000 sqg ft), a cool (55°F) meat packing room, large
refrigerator and freezer rooms, and a large dry storage area,
etc., is not unlike the supermarkets of the large chain
operators. The lighting level and the amount of refrigera-
tion within the store, the construction style and the type of
equipment and materials used is also similar. One variation
from the typical supermarket operation worthy of notice is in
the number of customers who are in the building at any one
time. The Fort Belvoir commissary receives about 2,400
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TABLE 8.

STRUCTURAL PARAMETERS FOR THE CHARACTERISTIC

ADMINISTRATION BUILDING

Basic Design:

Foundation:
Floor Area:
Construction Type:

Exterior Wall
Composition:

Exterior Wall Area:

Underground Wall
Composition:

Underground Wall
Area:

Roof Type:

Roof/Ceiling
Composition:

Windows:
Type/Material:
Glazing:

Storm Sash:
Area:

Exterior Door(s):
Type/Material:
Number:

Storm Door(s):
Total Area:
Dwelling Facing:

People:

Weather:

Three-story, rectangular building,
central entrance and stairways, first
floor 4 ft - 4 inch below grade.

Concrete slab
12,600 sq ft
Masonry '

Wall No. 1
Concrete block-8 inches
Air
Concrete block-8 inches
Wall No. 2
Brick
Air
Brick
Air
Brick
Wall No. 1 - 1,119 sq ft
Wall No. 2 - 5,353 sq ft

Concrete block-8 inches
Air
Concrete block-8 inches

1,305 sq ft

Gable

Slate

Plywood sheathing-3/4 inch
Air

Concrete slab-3-1/2 inches

Double hung/steel sash
Single

No

990 sq ft

Wood

4

No

186 sq ft

North
65
St. Louis, 1956
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TABLE 9. ENERGY CONSUMPTION PARAMETERS FOR THE |
CHARACTERISTIC ADMINISTRATIVL OFFICE

BUILDING {

(4

Heating System On-site hot water boiler (No. 2 §
fuel 0il) M

Fan coil distribution

Cooling System On-site electric reciprocating

§
chiller u
Fan coil distribution e
]
|

Hot Water Heat On-site steam to hot water
converter

Lighting 99,000 Kw-hr/year

Electric Equipment and Appliances 58,000 Kw-hr/year i
(0Office equipment, vending machines, i

mechanical drawing copier, etc.)
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customers per day, or 267 per hour for every hour the storef
is open; up to 300 are in the store at the same time. This
provides a very large internal cooling load during store
hours. By comparison, a limited survey of Baltimore metro-
politan area major chain supermarkets indicates that the
number of customers per hour of operation varies from about
65 to 120.

The evaluation of heating and cooling energy usage per-
formed by the computer models and the algorithm developed in
this study represent energy usage only in the store, office,
and meat packing areas. Refrigerated and freezer rooms were
not included in this analysis, except that their effect on g
heating and air conditioning requirements in adjacent areas
was considered. Energy usage for refrigeration has been con-
sidered an equipment usage. Function and design variations
make it inaccurate to include refrigeration system energy
usage in the same category as air-conditioning energy.

Tables 10 and 11 show the physical and energy-use param-
eters of the characteristic commissary. This data is based
on the actual structure as observed at Fort Belvoir.
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TABLE 10. STRUCTURAL PARAMETERS OF CHARACTERISTIC

COMMISSARY
Basic Design: One story, rectangular structure
} Foundation: Slab-on-grade
\ Floor Area: Total area-25,160 sq ft

Conditioned space, excluding refriger-
ators and freezers-16,812 sq ft

Construction Type: Masonry and steel frame
Exterior Wall Brick
Composition Air
(of conditioned Concrete Block 4inches
space):
Exterior Wall Area
(of conditioned 4,155 sq ft
space):
Roof Type: Built-up
Roof/Ceiling Built-up roofing
Composition: Concrete slab-3 inches
Roof Area: 16,892 sq ft
Windows:
Type/Material: Casement and fixed/metal sash
Glazing: Single
Storm Sash: No
Area: 555 sq ft
Arrangement: A1l on south face and shading by

overhanging roof
Exterior Door(s):

Type/Material: Steel
Number : 3 (4 glass doors included in window area)
Storm Door(s): No
Total Area: 94 sq ft
Dwelling Facing: South
People: Up to 300 customers and 80 employees

Weather: St. Louis, 1956




TABLE 11.. ENERGY CONSUMPTION PARAMETERS FOR
THE CHARACTERISTIC COMMISSARY

Heating Systeﬁ

Cooling System

Hot Water Heater

Lighting (in the store
and meat packing areas
only)

Electric Equipment
Appliances (in the
store and meat packing
areas only)

On-site hot water boiler (No. 2
fuel o0il)

Forced-air and hot water finned
tube radiation distribution
systems

On-site electric reciprocating
chiller

Forced air distribution

Electric, 120-gallon capacity

263,000 Kw-hr/year

370,000 Kw-hr/year
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IV. COMPUTATION OF HEATING AND
COOLING ENERGY USE

i Heating and cooling loads and resultant energy require-
ments were calculated for each of the five characteristic
buildings defined in Chapter III. These loads and their
corresponding energy use were disaggregated to all build-
ings' load contributing elements, positive and negative.

The computer program used in determination of the loads
censiders factors such as building architecture, building
structure, the building surroundings, weather, and the
pertinent astronomy of the sun. The energy use in each
building was computed by use of an equipment and distribu-
tion system simulation program. The description of the
computer programs, computation procedures, and the results of
these computations are discussed below.

A. Description of the Computer Programs Used
For Load and Energy Use Computation

The load calculation program is a revised form of the ‘
original U.S. Postal Service Program with its capabilities
being expanded to include disaggregation of heating and
cooling loads into load contributing elements. The elemental
loads include loads due to walls and roof, windows, infiltra-
tion, and internal loads. The load calculating program,
being a composite of heat transfer, environmental, and
geometric models, computes the loads, both heating and
cooling, imposed upon the building space conditioning system
on an hourly basis. |

The program consists of a set of subroutines, small .
programs (each of which performs an engineering calcula-
tion), and a main program which reads the required data,
directs the flow of information from one subroutine to ;
another, and writes the output on paper and magnetic tapes.
Loads are computed on the basis of actual recorded weather
data using the Convolution Principle. Weather data, for a ﬂ
selected year, is taken from magnetic tapes available from (
the U.S. National Climatic Center.

1. Hourly Weather Data

Weather tapes of past years are available for enough
weather stations throughout the United States so that a tape
is 1likely to be available for a station near the site of any
building being considered. The load subprogram uses weather
tapes to realistically simulate the changing meteorological
conditions to which the building is continuously exposed.

42 7:‘
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The data read from the weather tape and a brief summary of
the uses to which they are put are listed below:

(a) Dry-bulb temperature (used in computing heat
transfer and sensible loads)

(b) Wet-bulb temperature (used in computing humidity
ratio and latent loads)

(c) Wind velocity (used in computing outside surface
heat transfer film coefficient and infiltration)

(d) Wind direction (used in computing infiltration)
(e) Barometric pressure (used in computing heat gain

and heat loss by radiation between the building
and the sky).

2 Hourly Solar Radiation Data

The amount of heat gained by the building through an
exterior surface (roof, exterior wall, or window) depends
upon the radiant environment to which the surface is ex-
posed. This radiant environment may be simulated more
accurately by a computer than by hand calculations because
the computer can evaluate the components of radiant environ-
ment on an hourly basis. The program makes hourly calcu-
lations of the following components of the radiant environ-
ment for each exterior surface:

(a) Angle of incidence of the sun's rays

(b) PLirect normal intensity

(c) Brightness of sky and ground

(d) Re-radiation to sky

(e) Shadows cast upon the surface.

By combining these data with such constants of the surface
as emissivity, shape factor between surface and sky, and
shape factor between surface and ground, the program arrives
at hourly radiation fluxes.

The System Simulation Program simulates the action of
the control system in order to realistically determine the
heating and/or cooling requirement that the thermal dis-
tribution system is demanding from the heating and cooling

plant for the hour under consideration. Furthermore,s it
also simulates the part lToad performance characteristics of
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HVAC equipment so that an accurate estimate of the unit's
energy consumption can be made. Three major tasks performed
by the systems simulation program are:

(a) Sizing energy-consuming heating and cooling
equipment (chillers, boilers, pumps, cooling
towers, etc.) and fan systems using peak zone and
peak building heating and cooling loads determined
by the Load Calculation Program.

(b) For each hour of the analysis, summing together
space thermal loads and ventilation air loads
through use of the characteristics of each thermal
distribution system to obtain the hourly output
requirements that must be provided by the heating
and cooling plants.

(c) Through the use of part load performance data from
typical systems, converting the thermal require-
ments into energy requirements.

B. <Calculation of Heating and Cooling Loads
and Energy Requirements

The monthly and annual heating and cooling loads and
subsequent energy requirements for the five characteristic
buildings were calculated using weather data for three
locations with diverse climatical chearacteristics; Atlanta,
Chicago, and St. Louis. The weather years 1956, 1957, and
1959 were used for the three locations, respectively. These
weather years were selected to be typical to the respective
locations. The monthly and annual energy requirements were
calculated by a two-step process. First, the hourly heating
and cooling loads were calculated for each conditioned space
in the characteristic buildings using the "Load Program"
described above with appropriate structural properties and
design data for the respective buildings as well as daily
internal load profiles for lights, appliances, and occu-
pants. The hourly weather data were obtained from the U.S.
National Climatic Center. In the second step, the energy
required to heat and cool the characteristic buildings was
calculated using these "Systems Programs"described above.
For these calculations, the heating, cooling, and mechanical
ventilation systems were defined in Table IV-1 for each
characteristic building type.

_ The §trugtura1 parameters defined for each characteris-
tic building in Chapter ITI were used in formulating inputs to
the load calculating computer program. Detailed performance
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parameters were defined as shown in Tables 13, 14, 15, 16, and
17, including U values of the total wall, roof, densities, -
specific heats, and R values as appropriate. E

Equipment and lighting levels included were those observed
in the characteristic buildings visited at Fort Meade and Fort
Belvoir. The equipment included in each of these buildings is as
listed in Tables 3, 5, 7, 9, and 11. Occupancy schedules and
equipment and lighting operating schedules were given by post
personnel for the various buildings. Internal load profiles for
lights, equipment/appliances, and occupants were developed !
from Ref. 5 for the single-family residence, and from observed ¥
equipment usage for the other building types. These profiles '
were varied for week days and weekends throughout the year.

A constant thermostat set point of 72°F was established for

both the heating and cooling season. All loads tending to

decrease the set-point temperature are defined as heating -
loads, and those loads tending to increase the set point are u
cooling loads. For example, cold air infiltrating from ‘
dutside the heating space would contribute as a heating
load, whereas an internal load would always contribute as a
cooling load. In calculating the loads, it was assumed that
all windows in the buildings were closed throughout the
year.

o N B .

In order to disaggregate the contribution of each
building element to the hourly heating and cooling loads,
the load affecting items were broken down into ten major A
categories. Then the hourly heating/cooling contributions, ]
depending on the conditioning mode of the space (heating or
cooling mode) were calculated and summed monthly to deter-
mine the heating and cooling loads for each characteristic
building using Atlanta, Chicago, and St. Louis weather data.
The reason for this load disaggregation was to show that the
flow of heat flux during each of the two modes (heating and
cooling) is primarily in one direction. This finding gives
the clue that a correlation procedure utilizing degree days
could be employed in the development of the algorithm. The
monthly and annual results of this load disaggregation for
the Army characteristic single-family building using St.
Louis weather data are presented in Tables 18 and 19. Table
18 presents the sensible heating and cooling effect of each y
of the ten selected categories respectively when the
conditioning space is in the heating mode; Table 19 pre-
sents the same effects for the cooling mode. 1In order to
study the secondary effect of each individual building's
load contributing element on the total heating and cooling
loads, a series of parametric studies was performed. These
parameters were selected based on their significance of impact
on the building conditioning l1oad and energy requirements. The
parameters selected for the Army characteristic buildings are
presented in Tables 20 and 21. The parametric study was per-
formed using the St. Louis weather data and the above described
methodology.
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V.

HEATING AND COOLING ENERGY ALGORITHM DEVELOPMENT

A. Introduction

The algorithms developed here for the five characteristic
buildings are based on equations of thermal conduction,
convection, radiation, and mass transfer. For each building
type, the algorithms utilize the heating and cooling loads
computed for the St. Louis weather conditions as characteris-

tic, then each component load is corrected for those parameters

which differ from those of the characteristic structure. The
parameters to which the algorithms are sensitive and correc-
tion can be applied are:

Building envelope conductance, or U value
Building envelope area

Inside set-point temperature

Air change rate, or rate of infiltration
Underground wall and floor conductance
Underground wall and floor area

Ground temperature

Window area

Level of incident solar radiation

Latitude

Number of occupants in building

Level of lighting energy use

Level of equipment and appliance energy use
Climatic variables (including heating degree days
cooling degree days, and discomfort index cooling
degree days)

HVAC system efficiencies.

The components of heating and cooling loads are those
referred to in Chapter IV: conduction through walls and
roofs, floors, doors and windows, solar radiation gain through
windows, the internal loads due to people [latent (during
cooling) and sensible], lighting, equipment (latent and
sensible), and infiltration (latent and sensible). Each of
these component loads is significantly impacted by variation
of one or more of the above parametric values. The degree of
variation is dependent on building type. The development of
each building type algorithm is discussed individually below,
with specific emphasis on heating loads, cooling loads,
and energy use calculations.

Heating degree days are used in calculating each of the
following heating load components:

Building envelope
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() Infiltration
[ Underground floors and walls
° Internal heat generation.

Cooling degree days are used in calculating the same component
loads during cooling with the exception of the infiltration
cooling load. For this load, the discomfort index cooling
degree day is used to provide a correlation with relative
humidity as well as dry bulb temperature.

A11 figures for this report are included at the end for
convenience. Figures are sub-numbered according to the
building type in the following manner:

- Single-family residence
- Town house

Barracks

- Administration/office

- Commissary

mooO >
]

Figures without a sub-number refer to all building types.

B. Heating

) 5 Building Envelope Heating Load. The heating load due
to conductive heat transfer through the building envelope is
primarily a function of: the envelope area, the conductance
of envelope materials, the inside temperature, and the out-
side temperature.

Figure 1 demonstrates the relationship between the
monthly envelope heat loss, calculated by the computer model,
and heating degree days. This figure covers every month in
which heating load occurs for the characteristic structures
for each of three climatical conditions: St. Louis, Chicago,
and Atlanta. The correlation between heating degree days
and heating load is very strong, except in months where the
number of heating degree days is very small, indicating a
small fraction of the heating load. The result obtained
from Figure 1, when entering the graph with the number of
heating degree days in a month, will yield the building
envelope heating Toad, QHy, for a characteristic building
with a specific building equivalent U value and envelope
area, and an indoor set-point temperature of 72°F.

To compensate for deviations in the U value of exterior
surfaces and their corresponding areas, an "equivalent
conductance" is needed for the entire building envelope.
This "equivalent conductance” or "equivalent envelope U
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value" is determined from the sum of the products of all
envelope component U values and envelope component areas
divided by the total envelope area. That is:

n

12;1 i s '
Ueg ® FegrioT AT g Aty

T i=1

2 Ay
i=1

By use of an equivalent envelope U value, the skin load |
becomes directly proportional to the area of the envelope. g
This area is equal to the total area of all surfaces (walls, |
roofs, windows, and doors) which are exposed to the outside :
air. This envelope will include floors over crawl spaces i

(assumed to be at outside air temperature), but does not {
include floors over basements or slabs-on-grade; nor does it F

IE—

include walls and floors below ground level.

The skin load determined in Figure 1 can be adjusted for
a building of different equivalent U values by use of Figure
2. The value of CH}, a correlation factor based on building
skin load variation with envelope equivalent conductance,
when multiplied by the envelope heating load, corrects for any
building envelope U value. In addition, correction for
variation in envelope area can be made by using the ratio of
building envelope area to the characteristic building envelope :
area. This correction is achieved by selecting the proper |
constant value, CON, which is the inverse of the area for the '
characteristic structure.

The envelope heat loss variation due to other inside
set-point temperatures is shown in Figure 3. This figure, ;
which is derived from analyses of the same building at three '
different indoor set-point temperatures (68, 72, and 76°F),
shows the fractional variations in skin load due to each
degree (Fahrenheit) of set-point temperature variation from l
72°F. For months with many heating degree days, the fraction
becomes a constant. But for months with fewer heating degree
days the fractional deviation increases. The accuracy of
this correlation is also weak in months with few heating
days, but then the heating load in these months is small. X
Therefore, the error becomes significant only with small
portions of heating load.

The U value correlation factor from Figure 2 and the
set-point temperature correlation factor from Figure 3 can be

used to adjust the building envelope skin load in the following
manner:

QHgpy = (CON)(QHy)(HDD)(CHy) (A o) LOT4FH,(T-72)]
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where,
CON = 2.246x10"% for a single-family residence, sq fr )
- 5.296x10"% for a town house, sq ft~!
= 0.209x10"% for a barracks, sq T
- 0.850x10"% for an administration building, sq ft~
E = 0.425x10°% for a commissary, sq T

QHy1, CHy, and FHy are determined from Figures 1, 2, and
3 using the known variables for the subject building and the
characteristic building: equivalent envelope U value,
equivalent envelope area, inside set-point temperature, and
monthly heating degree days for the location. If the
calculated value for QHepy is negative, then there is no
envelope heating load and QHepy is zero.

2. Infiltration/Mechanical Ventilation Heating Load. The
infiltration load is a function of the air change rate,
outside weather conditions, and the inside set-point tempera- ;
ture. The infiltration rate for the characteristic single- ﬁ
family structure was estimated to be 0.9 air changes per §
hour. The heating load due to this air change rate was
calculated and compared with that at 0.65. The findings
showed a direct one-to-one correlation between the two infil-
tration rates and their associated heating loads indicating 1
the secondary effects were very small. The variation of !

infiltration heating load due to the climatical effects and
inside set-point temperature are presented in Figures 4 and
5, respectively. Figure 4 presents the correlation between
the infiltration heating load and monthly heating degree
days. This correlation would not be altered by secondary
effects such as solar gain and building mass. Figure 5 pre-
sents the infiltration heating load as a function of inside
set-point temperature.

L P > P AR W

In the single-family and town house residences, the
infiltration is dominated mainly by wind velocity and other
factors such as door openin ., furnace exhaust, and bathroom 3
fan operation (stack effect being minor due to the small
building height). The following equation presents a reason-
able estimate of the variation in the rate of infiltration as
a function of window area, the number of doors, and the gresence
of storm doors/windows.

A = 0.25(Ny)(S,) + 7.7x1073 (Aw)(S,)




where,
A = Infiltration coefficient
ND = Number of doors

wv
]

1 0.67 with storm doors

1.00 without storm doors

Aw = Total window area including s]idin§~glass doors, sq
ft
52 = 0.67 with storm windows

1.00 without storm windows.

The infiltration rate, I, is then calculated from the follow-
ing equation:

1 = [0.25 + (0.05) (A)(v)] YOLUME

60
where,
I = Infiltration rate, cfm
V = Average wind velocity, mph
VOLUME = Building volume, cu ft.

The barracks and the administration building are assumed
to be pressurized and therefore have no infiltration rate.
I[f the buildings do not use outside air and therefore are not
pressurized, the infiltration rates are assumed to be 0.30 x
10-6 cfm/sq ft floor area for the barracks and 0.66 x 10-6
cfm/sq ft floor area for the administration building.
The commissary is assumed to be pressurized, but it is also
assumed that door openings as customers enter and leave
result in an equivalent infiltration rate of 1.25 cfm per

customer. This is based on an infiltration rate of 900 cu ft
of air per door opening (Ref. 5).

It was assumed that the characteristic single-family and
town house residences have no mechanical ventilation while
the characteristic barracks, administration, and commissary
have mechanical ventilation. The infiltration/mechanical

ventilation heating load may then be calculated from the
following equation:

QHj g = (14Vr) (QH,)[1+FH, (T-72)]

60
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where,
I = Infiltration rate, cfm;
Vr = Mechanical ventilation rate, cfm
T = Inside set-point temperature, °F.

QH2 and FH2 are determined from Figures 4 and 5 using the
weather data for the location.

For the buildings (barracks, administration, and commis-
sary) in which the distribution system operates without out-
side air between certain hours, the infiltration/mechanical
ventilation heating load can be adjusted to reflect this sys-
tem control factor. Since this outside air shutdown normally
occurs at night when the temperature range is lower than the
daily average temperature, the mechanical ventilation heating
load is reduced. At the same time, there will be heating load
due to infiltration, since mechanical ventilation is not present
and the building is not pressurized. Assuming that these two
items cancel each other's effects, the adjusted infiltration
can be calculated by the following expression:

3 X
QHine = (QH506)0a pell - 73]
where,

(QHinf)24 O Infiltration heating load

X = Number of hours per day that the system
operates without using outside air.
3. Solar Radiation. Solar radiation heat gain through the

windows of the building is dependent on three primary variables:
the total area of windows, the incident solar radiation avail-
able at any location, and the solar angle (the angle between
the line of the sun's rays and the horizontal piane). Radia-
tion gain through the window is directly proportional to window
area, as was proven by reducing the window area of the char-
acteristic house by 25 percent. The result was a 25 percent
reduction in solar radiation heat gain. The incident solar
radiation on a horizontal plane varies greatly by location and
follows no simple patterns, since it is dependent on latitude,
time of year, elevation above sea level, weather, and atmos-
pheric pollution conditions. However, this variable has been
measured and tabulated for over 100 locations in the contiguous
United States. Table 22A presents the average daily incident
radiation (in langleys per day) for each month of the year by
location. Monthly total radiation values (in Btu) can be
determined by multiplying the average daily value by 3.687
Btutﬁer square foot-langley and the number of days in the
month.
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